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Annual Report iýIII includes resuits of examinations of

stored shelter rations as follows:

Codes Products Storage Periods

CDI, 3, 5, & 8 survival cracker 18 and 24 months

CD, 41, 6, & 7 survival biscuits L8 and 24 months

CD9 & w0 wafers, bulgur wheat 18 and 24 months

C)1l, 12, & 13 carbohydrate
supplements 6 and 12 months
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Data for ra,'ions CDl-5 from the lb-Lionths examination were
given in Report No. II; they are repeated here in order to fit
crach:ers CD1, 3, 5 and biscuits CD2, 4 into t-ie overall pattern of
second year storage.

I. Fiberboard Cases.

1.1. 3urstintj strength decreased by a L•ean of 40 psi4 at 100OF

and increased by a ieen ol 26 psic, at 400 and 00, wlith no sioni-"f!cant trend at r0°. Cases having buxstin6 strength below 400

i increased from the initial 3.5% to mean 1evels of 44.6% at
1006 and 10.3% at lower temperatures.

1.2. Moisture content raiiied with temperatuie and hLmidity conditions
from a mean of 7.14 at 1000/57% to 12.4% at O°/amb., the only
sionificant change from first-year equilibria being a mean
reduction from 10.6ý at 6 months at o.b% at 16 and 24 months in
the l00°/(J• condition. This change apparently resulted from
alterations in load and stacking pattern in the storage room.

1.3. General condition of cases was satisfactory fcr continued
storage at all conditions, with no significant amounts of mold,
delamination or loosening of flaps. Cases containin- the heavier
wafer and supplement cans were moderately wrrinkled and bulged
in the stacks, however, and there were moderate amounts of moisture
staining of cases and cans from the 601 r.hi. conditions.

1.4. Case markings remained almost entirely as received, with no

seýrious fading or olurrin, of print at any storage condition.

II. Metal Cans

11.1-3. External corrosion & pitted rust near seams and in a few
instances on -)anels :,iA bo-Ltoms increased slightly (out erra-
tically during the second year, particularly at the LPý r.h.
conditions) in proportion to stcraae teLperatures.

Internal corrosion as surface discoloration v, *re pac1ages
or products toucihd tae cans elso increased sore-what at I000 and
700F. There vas practically no pitting of internal surfaces.

11.4. Defects in coatirnv,s of cans -ere essentially rustin; near
seams, vi-..h no evidence of further erosion ezcept in a few areas
of speckled rust where coating was apparently thin on panels.

U1.5. Leakint cans sverajed about Sý of all cans examined tbhrw~b
1w months, increasinG to 24t at 24 months. 4.uostionable leekia
ran.,ed ca 5 j2$ froL. initial twou~h 24 months. Tjore were no
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leakers anoj1• wafer cans, practically none in one lot of crackers,
two of bi-.,:: one of carbohydrate suppleLient. About 75' o0
cans leaked iii one lot of biscuits, 35A in one of supplement,
25P in one of cracker:s. No leaks irere attributed to corrosion or
associated writh storage conditions.

I11. Rations.

III.A. Bakery Items.

III.A.l.a. Package seals and materials increased in mean breakage
during the second year by about '5 for crackers, 225 for biscuits,
only 0.4% for wafers. Broken seals predominated in crackers,
torn packages in biscuits; one lot of biscuits had no broken pack-
ages, one had no broken seals, and one lot of wafers had no torn
wrappers. Influence of temperature on percentages of broken packages
was indefinite.

III.A.l.b. Breakage of ploducts increased by about 2% for crackers, 4%
for biscu its and 30'h for wafers, the latter almost entirely in
crumbling of edges. Crackers and biscuits were damaged about
equally by breaking apart of units in layers and breakia6 of
individual units. Variance among cans, sacrples and products was
extreme; no definite temperature effect was observed.

III.A.2.a. Senscory scores for appearance-color varied with degree of
brciming of )roducts in baking, with no consistent effect of storage
temperature or time. The lightest two lots of biscuits and the
darker lot of wafers varied without pattern, the lighter wafer
scored highest at 400 and O0F, two fairly light crackers and one
biscuit were judged better at 700 or belov, while the darkest two
lots of crackers and one of biscuits scored best at 1000, where
some of the dark color was bleached out.

Ill.A.2.b. Hunter color readings indicated that color changes in-
cluded bc.7 fading arnd darkening in various items, fading being less
during the bond year but darkening being &reater. Crackers
te• led to fade at 1000 and 70oF. were variable at 400 and OF.
Biscuits genezally faded at 100 , were variable at 700, darkened
at 400 and 00. Uafers were variable at i000 and 700, darkened at
400 and 00.

IIIU.A3. Fracture strengt averaged alight increases with time and
with reduction o" storage temetures belm 70°, but these vere
insignificant itheri compared to the variances of itnus, cans and
replicate units.

I.A.)4.&. Residual a.en averaged around 50 at 1000 aM 70P, 13% at
40", and 13 at "F in-wafers after 24 so•tbe In storage. Mean
retetiona was ce 7% for croakers and a*. 2.1 for biscUits at 100",
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alt~hough one lot of biscuits was comparable to the crackers.
Oxygen in cracker-s and biscuits from 700 to 00 averaged 16
to 20A.

III.A,4.b., Moisture contents exhibited no consistent trends with
either temperature or time of storage; item means were 2.6 to.5
for crackers and oiscuits, 3.6 +0.2 for witfers. There were'sta-
tistically significant correlations of moLsture with decreased
fracture strengta in crackers, but incree:3ed fracture streth
in biscuits and wafers.

iII.A.4.c. Peroxide values of the fat were low during the second
year, ranging from ca 1.7 and 1.0 for cra&.kers and biscuits at
1CO°F to 0.1 at 00; wafers ranged 0.7 at 700 to 0.3 at 00, but
C.1 at 1000.

Free fatty acids varied with iteýms rather thai. products,
item group means ranging from .16 to .64% at lO0OF and .10 to .535•
at 70 end below.

III.A.5.a. Sensory scores for texture were slightly lower Et 1C00 F
for crackers and biscuits, but about the 3ame at all temperatures
for wafers.

Aroma scores at 24 months raniged( 4.36 for crackers to 5.35 fcr
wafers at =, 5.75 for wafers to 6.26 f(r crackers at 700,
6.58 for wafers to 7.03 for biscuits at 400 and O°F.

Flavor scores were simils.- to those for arcma, averaging
slightly higher for crackers at 1000, lover for wafe-s at 700,
and lower for biscuits t both 700 and tht Tover temperatures.

III.A.5.b. Hedonic ratings for araim at 24 months ranged 4.64 for
crackers to 5.2d for biscuits at 160°, 5.C7 and ).41 for wafers
to 6.02 and 6.17 for biscuits at 700 and 400-0 0 F, respectively.

Flavor ratings were very iAmilar tc aroma., averaging higher
by 0.12 at 0.15 at 70', and 0.33 (for vafers and biscuits)
at 4oo-007.

P tability ratn had the sa product relationships as
arcoa and 1avort , bvt averaged 0.39 highr than flavor at loco,
0.13 highor at 700, but 0.l11 iowr (for wafers only) at 400-0CY.
lafers rated higher than initial at all tamperat-ura.

IIIA .5.c. Correlations of psaitability with otbar asur t were
sufficientl7Wionsiateot to indicate dIef1rto treuds (or Sa
of trends) associated with atorae tepWatwea dwlq the
second year.
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III.B. Carbohydrate Supplements.

III.B.l.a. Condition of bags packed in the cans of candy was
unchanged by one year of storage, with the e:cception of a 35
increaee in total separations or 0.65 inch increase per 40
seams on seam test of one lot of supplement.

III.B.i.b. Condition of candies remained essentially the same as
when received fur storage, excepting a lighter surface on pieces
of one cher,-y sample from 100F/fi)cY"o r.h.

III.B.2.a. Oensorr scores for appearance-color were only slightly
reduced by storage at 1000F) the decrease being due to slight
fadin% of tI~e red of cherry-type samples after 12 months.

III.B.2.b. Hunter color values were quite variable; the only trend
indicated was slight increase in "L" and decrease in "a" for the
sample noted in l.b.

I.U.B.4.b. Moisture ctntent did not vary significantly with storage time
or temperature.

III.B.4.d. pH values of the candies did not vary consistently with
any other factor.

III.B.4.e. Sugar contents exhibited no definiite storage influence or
relationship to any other variable.

III.B.5.a. Sensory scores for texture were not significantly cAnred
after one year, excepting a mean O.5-point reduction in score for
the cherry-type sample referred to in l.b.

Aroma and flavor scores averaged 0.4 lower at 700 tbhn at
400-00F at 12 months; differences between 400-00 and IOF |
averaged 0.6 at 6 months and 1.1 at 12 months. Reduced scores
were nttrtbuted to "terpene" aroma and flavor at the high-!r
temperatures.

U!.-I.5.b. Hedonic ratings for aroAa, flavor and pa2ltability exhibited
a maximum difterence ettween 400-O0 and 1OOOF samples of less
than 0.5 point after 12 months in storage; mean values for this
ditfererce were less than 0.3.

III.B.5.c. Correlations of Ealatability with other measurements
indicated no defiaite associatic-n of palatability with any other
factor during the first year of strage of the carbohydrate
supplements.

2210.8 *rM
f



STUDY OF THE STORAGE STABILITY OF CONTAINERS AND FCOD
PRCCURED FOR THE CIVIL DEFENSE SHELTER PRCGRAT

During the third year of the itudy, all items remained in continuous

storage. Due to variations in periodic examination dates for the 13
products, the total period of storage covered by the present report is
13 January 1964 to 5 April 1965. Storage conditions for this period

(as averages and standard deviations) were as follows:

Code Temperature Relative Humidity
"*F percent

100/80 ICO.2 +2.0,-1.6 80.8 +4.2,-4.2

100/57 99.9 +2.2,-2.5 56.8 +3.6,-3.8
70/80 70.1 +0.6,-1.1 80.1 +2.1,-3.0
70/57 69.9 +1.1,-1.3 56.9 +2.9,-4.1
40/57 40.0 +2.2,-2.3 58.0 +3.5,-3.1,
0/amb -0.5 +3.8,-!.9 ambient

Deviations in storage conditions were those in exposed air spaces

where recorders were installed, resulting largely from repeated opening
of room doors for maintenance of equipment and removal of samples.
Fluctuations inside cases and cans may be assumed to have been
considerably smaller.

Products and examinations included in the report are as follows:

Code Product Product Pack Code Contract Storage Periods

CD1 Cracker 8920-823-7666 2692-62 21 months*
CD3 Cracker 8920-823-7666 2689-62 24 months
CD5 Cracker 8920-823-7667 2687-62 24 montns
CD8 Cracker 8920-82?-7667 2691-62 18 and 24 months_

CD4 Biscuit 8920-82,3-7367 2694-62 21+ months*
CD2 Biscuit 8920-823-7665 2686-62 24 months*
CD6 Biscuit 8920-323-7665 2688-62 18 and 24 months
CD7 Biscuit 8920-823-7665 2687-62 18 and 24 months

CD9 Bulgvr wafer, vhite 8920423-7399 2254-62 18 and 24 months

"IDlO Dulgur wafer, red 8920-823-7399 2254-62 18 and 24 months

CUl Carbohydrate supplement 892M5-082-5575 2=018-63 6 and 12 months

CD12 Carbohydrate supplement 8925-082-M5575 24016-63 6 and 12 months,

CD13 Carbohydrate supplaent 8n25-082-5575 24023-63 6 and 12 smothe

*Results for 18 zuiths, .-speated frre Annual Report go. II, are also

included in data tables, and discuased as part of the overal pattern
of second-year storage.
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Statistical treatment of data.

The bases for expression of results of physical, chemical and
sensory evaluations of cases, cans and products as means, standard
deviations and standard differences are indicated for each set of
data presented in the report. Arrangement of data follows the order
set up in the initial statements of work, Neg. Rec. AE-266-L and
RD? & E-161.-P.

All statements of significance of differences ar- based or
analyses of variance, or simple regression analyses for correlation
coefficients, by customary procedures. The "significant differences,
5%" were usually derived by multiplying Duncan's Ilultiple-Raage t
values at the 5% level of probability by standard errors calculated
from data error variances. The t value for the lowest sub-range (p)
w1,ich would apply to the entire range was used in each inrtance, in
order to obtain a single value for significant difference. For a
few sets of data in which group means differed significantly (lCO°
anm 700 vs 40 and 0", for example) but individual treatment means
did not, the group mean difference was used as a significant difference,
with the restriction that it must lie between the value derived from
Duncan's t and that found by reversing an "indiviaual-degree-of-
freedom" calculat.ion from the starting point of the signif".cant F
value.

For data on cases, which were single-unit samples, standard
errors were calculated from the variance of replicate determinations.
For cans and products, based on tuo-can samples, all standard errors
of storage condition means were calculated fror. can variance, but
pooled can and rep variances (or can and judge variances for sensory
and hedonic panel scores) were used for estimating standard errors
of product means.

I. Fiberboard (V3c) Caes

Periodic exAuinations included one case of each prod uct from
each storie candition. 1his one cAse, contakning two 5-gallon cans,
was the com-lete samplir•g unit for all items except CDl, CD3, and
CD4. These are packed in 2J-gAllon Cans, six cans per case, and
the sapling unit is 1/3 of a case, the rainder being resealed
and returned to ý.Lorage until each case has be-ei used for throe
examinations. For CD0, the six storage ua•les at 24 months were
each the first 1/3 of a new case, the first set of six cases havirn
been fini3hed at 15 manths. For CD3 w4d CU;&, the first sets wre
used at 0, 6, and 12 months, the secwW sets at 18, 24, and (1/3
of eacih r•mains .^or) 36 months.

2210.8 #I-1 -6-
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Data for cases from bakery items (A) and carbohydrate

supplements (B) are reported together in this section.

I.A,B.l. Bursting Strength. (Table 1)

General trends for bursting streng-n over two years of storage
were decreasesat 100'F, approxirze stability at 700, and increases
at 4QO and 0%. While most of the chaýges occurred durJig the
first year, bursting strength of cases at 1CO° continued to
decrease at reduced rates during the second year.

From an initial average of 474 psig, mean val :es for cases
of the 10 bakery itemz range.d as follows:

Condition 6 to 24 months

l1O/80 424 to 390
iCO/57 453 Lo 407
70/80 452 ± 1I
70/57 481 ± I!
40/57 499 ± 6

O/amrb 535 ± 17

The cases of carbohydrate supplement were somewhat less
definite in trends for the first year. From an initial average
of 448 psig, mean values at 6 and 12 months were 412 and 379 at
100"F, 431 t 6 at 70°, and 418 ± 35 at 40O and 00.

Among the 13 ration items, percentages of cases having
bursting strength below 4000 psig were 13.8 initially (10.3 from
CD12), 1'.4 at 6 monýths, (9.0 from CDll-13), 28.2 at 12 months
(12.8 from CDll-13) 21.7 at 18 avd 24 months (CGl-lO only).
These average 21.0% of all cases examined, of which 9.2% came
from CDl2 and CD5, 4.6% from CD9 and CD1O; items CD4 and CD8 had
no cases below CO psig. By storage conditions, iii the order
listed abcve, percentages of cases belo.- 400 psig were 52.2, 37.0,
15.2, 6.5, 6.;, and 13.0, re3spectir-ly. Hence the data show
definite differences associated with storage time, storage
temperature, and (initial averages, ra.ning from 365 to 558 psig)
with point of origin.

I.A,B.2. 'oisture Content. (Table 2)

Variations of moisture content of the fiberboard with
relative huuldity a-nd inversely with ta~.rature are shown
in Table 2. The only notable changeu from previous periods were
in moisture fr•mx the 1000/•% con•ition. As mew values fr•
this rom decreased from 10.6% at 6 months to 9.3% at 12 arV
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8.8" at 18 months, it wa9 suggested that the warm, humid atmosphere
might bte reducing the moisture-holding properties of the board.
Results for 18 and 2. months in bakery items and 6 and 12 months
in carbohydrate supplement cases gave a meani of 8.66 t .12%, however,
so it seems probable that Lhe decreases during the first three
6-months periods resulted from alterations in the loading and circulation
patterns in the room, which was adjusted from a recorder remaining in
a constant position.

There were moderate, but eignificant, correlations of moisture
content with bursting strength in many of the items, though of course
the relatively greater variations cf bursting strength among items
and of moisture content among storage conditions tended to reduce
the value of overall or combined correlation coefficients. Faamples
of this variability are as follows:

ten bakery items 18 months 24 months
r r

mean of 9 item coefficients (lth was -) +.269 ± .186 +.591a *.,135
mean of "wet" and "dry" condition coefficients +.,48a± .037 +.412 + .180
combined coefficient +.188 +-452

three supplement items 6 and 12 months
r

mean of 6 "item" coefficients +.274 ± .397
mean of 5 coefficients, rooms above

freezing (0' was -) +.788a± .131
combined co-fficient +.254

asignificant correlation coefficient..

While there seem= little doubt that high storage temperature
reduced the bursting strength cf the fiberboard (Table 1), the
correlations listed a]bove suggest an erratic but nevertheless significant
trend toward increased strength with increases in moisture in the
range below 12%, particularly at moderate temperatures. Even if the
relationship is merely fortuitous (i.e., bursting strength and moisture
independently associated with temperature), it still indicntes no
significant reduction in strength of the board with uptake of moisture
from "damp" storage.

I.A,B.3. GeneraJ. Condition of Cases.

All caces examined up to 24 months for bakery items and 12
months for carbchydrate supplements remained In satisfactory condition
for continued storage of the cans. As compared to general condition
when received, however, certain relatively minor changes were noted
and rated on a 9-point scale for "defects".

221.8 #III-8-
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Loose seals. None of the cases was actually sealed, being closed
merely by folding the non-overlapping flaps and stapling at the
bottom, gluing at the top. Small center open spaces where flaps
failed to meet were left in sevetal cases. These "seals"
r3mained in good condition through 24 months with no pulled-out
staples and no loosening of glue. The adhesive was inadequately
spread between the flaps of certain cases, leaving loose edges
or corners; the maximum defect rating for this condition was
2.0 in one case of supplement CDll, average ratings for ail
cases examined being .25 for cracker CD5, .17 for biscuit CD7,
.09 for wafer CD10, and .29 and .13 for supplements CDll and
CD13.

Delamination. With the exception of a few "frayed" corners of
slightly damaged cases or of loose flaps, only three cases had
significant amounts of delamination. This was caused by ice in
the bottom of one case of CD4 (rating 1.5) at 24 months and one
of CDll (rating 1.0) at 12 months, and by either inadequate
fabrication or softening of adhesive in a 5-inch section of
panel in one case of CD6 (rating 4.0) at 24 months.

Collapse. As the stacked cases were actually supported by the
cans, which showed no evidence of collapse, the only indications
of case collapse were pressure wrinkles and bulged panels. These
varied considerably with case weights and depth of stacking
(most of the 24-month cases were originally third or fourth
case down in the stacks, the 12-month cases second down).
Illustrative mean values were:

case wt. items collapse Storage collapse
av. lbs. CD 24 months °F/% r.h. 24 months 12 months

34 2,7,8 .63 * .46 100/80 1.12 ± .90 1.67 ± .48
40 5,6 .87 ± .66 100/57 .54 * .33 1.67 ± .24
5 5 a 1,3,,4 .65 ± .40 70/80 1.41 ± .79 1.63 ± .62

71 9,10 1.64 k .90 70/57 .88 ± .77 1.63 ± .27
12 months 40/57 .65 * .37 1.17 ± .24

78 ll,12,13 1.49 ± .47 O/amb .72 ± .51 1.17 ± .48

aLarger cases containing six 2½-gal. cans, sampled at three

periods each.

Values for the bakery item cases at 24 months averaged 0.30
± .77 above the 18-months values, 12-months values for the supplements
were 0.65 k .70 above 6 months. Greater changes were observed
in the lighter cases from 18 to 24 months, indicating a more
gradual collapse than with the heavier wafer and supplement stacks,
which were generally sitting "flat on the cans" by the end of the
first year.

2210.8 #111 -9-

A I



lHold. Small areas of very light mold were observed on the outside
of ten of the total number of cases examined through the second
yaar of storege. These occurred on CD7, 11 and 13 from 100°/80%
at 12 months (rating .87 1 .50); the other seven cases came from
70'/80%, being CD6, 7 and 13 at 12 months (1.47 * .76), CD6 and
7 at 18 months (.60 ± .20), and CD6 and 8 at 24 months (.75 1 .25).

Only two areas of mold have been found on the inside of cases,
both from 1000/80% at 24 months. A spot inside the case of CD9
received a defect rating of .2 (very slight), while a somewhat larger
area, rated 1.0, was noted inside the CD10 case.

Sweating of cases. Sweating of the outside of cases of the ten bakery
items, as indicated by moisture stains, was rated .19 +.63,-.19 at
Smonths and .44 * .39 at 24 months (both higher than the .01 and
-4 averages at 6 and 12 months). Supplement cases were rated

.12 +.82,-.12 at 6 months and 1.62 ± .85 at 12 months. Averages
by rooms at the latest examination periods were:

Storage Bakery Items Carbohydrate Supplements
°F/% r.h, 24 months 12 months

100/80 .61 * .33 2.43 ± .81
100/57 .31 +.57,-.27 2.17 * .85

70/80 .67 1 .45 1.90 ± .54
70/57 .18 +.36,-.18 1.37 ± .58
40/57 .34 ± .27 .87 * .34

O/amnb .54 ± .34 .97 ± .21

The increased sweating of the supplement cases, particular during
the second period, was attributed to their being located nearest the
room doors, and the humidifiers over the doors in the 100° and 70°F
rcoms. The second period included the winter months, resulting in
increased amounts of "dew" being deposited on cases in these
locations.

Sweatin of cans in cases. Sweating inside cases and evidences of
moisture on cans were rated separate?-y, but as both were based
largely on rust staining, of cases and cans respectively, the two
ratings averaged almost the same values and are considered together.
Average ratings were .37 +.90,-.29 at 18 monthe and .67 +.99,-.47
at 24 months (as compared to .07 and .31 at 6 and 12 months) for the
bakery items, .32 ± .31 at 6 months and .99 1 .45 at 12 months
for the supplements. Averages for storage conditions at the latest
periods were:
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storage bakery items carbohydrate supplements
7F--7/d r.h. 24 months 12 months

1C0/80 1.27 ± .94 1.28 ± .37
100/57 .35 ± .35 1.02 ± .25

70/80 1.42 ± .59 1.33 ± .34
70/57 .29 +.35,-.26 .93 ± .28
40/57 .35 * .29 .72 * .44

O/amb .36 ± .30 .65 + .23

It is apparent that moisture staining was more pronounced
inside the cases of bakery items at high humidities (except
at OF, where ice-damage was somewhat greater on the outside).
Staining on the inside of supplement cases was less pronounced
than that resulting from outside condensate as noted above.

I.AB.4. Condition of Iiaerkings.

There were no significanit storage changes in legibility
or general condition of printing on the outside of any of the
cases. The print on the case of CDlO from 100°/80% at 24
months appeared slightly faded, and the board color was moderately
darker for CD6 and CD8 from this room. These were apparently
unit variations, however, as remaining cases of the three products
at 100*/80% were unchanged.

II. Metal Cans

II.A,B.1-3. Location, Severity and TypE of Corrosion. (Tables 3 & 5)

External rusting of the 2½-gallon cans (Table 3) occurred
mostly on the bottoms, with moderate to slight amounts on the
panels and along the seams. Practically all of the corrosion
apparently started on spots from wnich the protective coating
had been abraded or chipped off.

The 5-gallon cans (Tables 3 & 5) rusted more extensively
near the soldered seams, where the coating had been burned or
eroded and there was considerable evidence of flux burning.
Rusted areas were also found on panels and bottoms where coatings
had apparently been scraped thin or removed entirely by
Pbrasion. Although mean values for the 5-gallon cans
(including supplement cans at 12 months) were greater than
those for tho 24-gallon type, external rusting of the larger
cans of CD2, 8, 11 and 12 was comparable to that of the amal.ler
containers.
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Internal corrosion of both 2½-gallon and 5-gallon cans was
limited almost entirely to areas of direct contact between can
surface and package (in the ten bakery iterns) or piece of candy
(in the unpackaged supplements). Hence irner top surfaces were
generally free of corrosion except in a few instances of tightly
packed cans. As with external rusting, the greater mean values
for the larger-can group did not apply to all of ti larger cans,
several product groups also being comparable to the smaller cans
in extent of internal corrosion (Tables 3 & 5).

All external rusting resulted in pitting, some surface cor-
rosion also remaining at 12 and 18 months. Most internal corrosion
was surface type only, with slight pitting in certain cans as
indicated in the tables. External damage was associated with
temperature and storage humidity, internal damage with temperature,
and both of course were influenced by time. The time factor
remains somewhat uncertain, however, as most of the cans examined
at 6 and 18 months were rated higher on corrosion than those at
12 and 24 months. The influence of product type on internal
corrosion also remains uncertain - no consistent trends were
associated with type of packaging, and while cracker CD8 had
more moisture and more internal corrosion than other crackers or
biscuits, and wafer CD9 more of both than wafer CD1O, there was
no generally significant relationship of product moisture with
internal corrosion. The possible relationship of corrosion to
product humidity equilibrium was not evaluated.

II.A,B.4. Defects of Can Coatings. (Tables 4 & 5)

No softening, or other structural change which could be
associated with storage, was noted in any of the can coatings.
Hence the rating of coating defects was based almost entirely
on lack of coating near seams or in spots where it had been
scraped off by some type of abrasion. As such areas were also
those which rusted, ratings for coating defects closely par-
alleled those for corrosion. Even after 24 months, there was
relatively little evidence of further erosion of coating by
rust, but a few cans were beginning to develop spreading areas
of"speckled' rust in places where coating was apparently thin
or "pinholed" in application.

II.A,B.5. Leaking Cans. (Table 6)

Data in Table 6) showing percentages of leaking cans anA
cans noted as "questionable leakere" by product and can type,
examination dates and storage conditions, include the fcUowll
nunbers of cans:
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examination leakers questionable total cans opened

initial 5 3 62
6-12 mo. 28 19 312
18 mo. 11 8 120
24 no. 24 4120

Total 68 34 614

As seen from Table 6, mean percentage of unquestionably
sealed cans was lowest in the 2k-gallon type (average 64%. CD4
only 24%) followed by averages of 79% at 12 months for the
supplement cans (CDII only 62%) and 92% at 24 mo~iths for the
5-gallon bakery item cans (CD6 on_1y 72%). All questionablt
leaks (slow succession of bubble-i from cans showing no other
evidence of leaking) were in top or upper side seams, as werz
the definite leaks in 56 of the 68 unquestionable leakers.
These apparently resulted from defective seam closures. Of the
other 12 cans, 3 leaked at apparently defective bottom seams
(CDI, 6, :13), 5 at. seams opened by dents in the can (CDI, 1,
3, 12, 13), 1 at a closing-chuck pinhole (CD4), and 3 cans of
CD11 from lids which were crimped so loosely as to be removable
by hand.

No can leaked from corrosion, and there was n3 significant
influence of storage conditions on the numaber of leaks.

III. The Rations

A. Bakery Items

III.A.l.a. Breakage of Package Seals and Wrapping Haterials.
(Tables 7 - 9)

SeAis broken. Percentages of package seals broken suffi-
ciently to allow ration units to escape increased from 12 to 18
months in all products except CD2 and 6 (no seal breaks) and
CD9 (remained .2%). Average increases in the other products
were 4,4% for crackers, 5.4% for biscuits CD4 and 7, and .3%
for wafer CDIO. Further increases in all items except CD1 and
2 at 21. months are shown in Table 7, increases averaging 3.8%
in crackers CD3, 5 and 8, 4.8% in biscuits CD4, 6 and 7, and
.2% in the wafers. Differences ass8C4ated with storage conditions
were essentially mcaninglese when comared to the variaces of
products and duplicate cans.

£asMLIEmL . There wre no torn packae. in biscuit C02
or wafor CMlO at either 18 or 24 nanths, And cracker CD3 an
wafer CD9 had fewr at 18 montha than at 12 manths. Incree.e.
fro. 12 to 18 months in other products averaged 1.16% In cr•ckene
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and 1.-)% in biscuits. As seen in Table 8, no packages were torn
in cracker CDI at 24 months, and wafer CD9 had less than .5%. The
other three crackers and three biscuits averaged increases of
2.7% and 13.5%, respectively, during the fourth 6-month period.
Although torn packages averaged significantly higher from the
0O/amb. conditioa, the increase came mostly from two products
(CD6 and 7), so any real temperature effect s;s open to question.

Total Packages Broken. Most of total ;ackage breakage was
the sum of broken seals and torn wrappers, the mean "overlap"
(i.e., torn packages with broken seals) being only .27% at 18
months and .71% at 24 months. Average increases in total packages
broken (Table 9) from 12 to 18 months and from 18 to 24 months
were, respectively 5.1% and 2.9% for crackers (including .5%
decrease for CD3 at 18 months and 6.7% for CD1 at 24 months)
4.7% and 17.2% for biscuits, and a mean of .2% for wafers. Again,
any real temperature effect seems doubtful.

lII.A.l.b. Breakage of Products. (Tables 10-13)

Separation of Units at Score Lines. While crackers and biscuits
CD1-8 showed practically no mean increase in units broken apart
in layers at 18 months as compared to 12 months, a large increase
occurred in biscuit CD7 (6.3 to l1.9,1). Biscuits CD4 and 6 averaged
only .41% increase, CD2 decreased 2.3%. Similarly, crackers
CD0, 5 &, d 8 varied less than .5% from the 12-months values, CD3
decreased 2.8%. Changes from 18 to 24 months exhibited the same
general pattern (mean increase .23%), the large increase being in
cracker CDl (10.0%) as seen in Table 10. Other crackcrs increased
.43 * .75%, biscuits CD2 and 6 increased 1.82 * .21%, CD4 and 7 remained
essentially unchanged in mean separation. Differences associated with
storage conditions were non-significant, large fluctuations occurring
among products and cans.

Chipped edges of wafers decreased 18.4 * .3% from 12 to 18 months,
but were up 29.4 * 7.8% from 18 to 24 months; CDIO averaged 20.6 ±
7.5% higher than CD9 in chipped edges over the three periods.
Temperature differences were quite inconsistent. Chipping of edges
was not serious with respect to decrease in total weight of the
wafers, but did leave crumbs in the packages. Rounding the edges
in forming the wafers wuld probably have eliminated moet of these
cru•bs.

1Wgrate breakMe of mit. Mean increaoes in m.este ebroakag of
individual units fran 12 to 18 mnths and 1.8 to 2.4 Uwths (Table ii)
were .0)4 ± 2.24% and .10 * 3.26%, respectively; i.e., there ma
considerable variaticn in chages en the ton predwta, but
relatively little average increase. Ch&ree for the sosMS year
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averaged 4.8 * 4.7% incr-ease for crackers CD3 and 5, but 1.3 ±
3.5% decrease for crackers CD1 and 8; 2.6 ± 1.9% increase for biscuits
CD2, 4 and 6, but .9 ± 1.8% decrease for biscuit CD7; and .3 * .3%
increase for wafer CD9 but .2 -1 .4% decrease for wafer CD1O. Again,
differences associated with storage conditions were apparently
meaningless when compared to the inconsistencies among products
arid duplicate cans.

Crushed units. Percentages of units badly crushed also varied
widely and with no apparent relationship to storage conditions.
Niean values were .65% at 12 r:onths, .31% at 18 months, .73% at 24
months. During the second year, cracker CD8 increased .04 O .00%
while crackers CD1, 3 and 5 decreased .60 ± 1.06%; biscuit,
increased .28 1 .35%, wafer CD9 had no crushed units, waf
had 1.51% at 24 months (Table 12).

Total product breakage. Total oreak-ae was the sum of th "
types discussed above for wafers and for products packag,'
four-unit layers (which have as many score-lines as unitz'
For products packaged in two-unit layers, however, (with . 12:
half as many score-lines as units) total was less by 13.6)6 -

CD1, 2.9% for biscuit CD4, and 4.4% for cracker CD8. From 12 6o
18 months, changes in total breakage averaged 5.3% decrease for
crackers CD3 and 8, 3.0% in-icrease for CD1 and 5; 2.4% decrease
for CD2 and 2.9% increase for the other biscuits; and 18.1% decrease,
most of which was in crumbling of edges, for the wafers. Changes
from 18 to 24 months, as seen in Table 13, averaged .7% decrease
for CD1 and 4.7% increase for other crackers; 1.6% decrease for
CD7 and 3.5% increase for other biscuits; wafers were up 30.1 ±
8.2%. Total increases during the second year av-raged 2.1 * 2.1%
for crackers, 3.8 ± 2.4% for biscuits, 11.9 ± 8.7 for wafers.
Significant differences noted in values for various storage
conditions among the different products were apparently associated
with sample variations, as no generally consistent temperature
effect could be demonstrated.

III.A.2.a. Sensory Scores for Appearance and Color. (Table 14)

Appearance and color were scored as separate qualities by
the five-meiber sensory difference panel, but mean scores have
rwunined so nearly the same that a composite appearance-color
score has been used for reporting results after the first storage
period. lian scores for the 18 and 24 months exuAinaticns are
given :n Table "I.

Only two changes have be-n noted in the ten bakery products.
Slight incromes in surface "wglz" began to apear at the 6th
tc 12th aoth in practical"y all * l, being sefwhat more
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pronounced at higher te..peratures, add color has faded slightly in
saaples stored at 100°F and imany of tChese at 70*. i1either of these
chances causdd auch reduction in quality scores, as the glaze was not
considered objectionable, and the slight fadi.%v was frequently
dee•aed an advantage in at least half of the products which were
initially described as too broun fro.A baking.

.-ean scores for the ten ite..;s were 7.33 for initial and 6-Lionths
ea:&Anations, 7.21 * .16 for 12, 18 and 24 uoinths. General product.ieans, derived fro.z the 24 saoples of each which were reioved from
storage during the first two years, range 7.72 * .35 to 7.02 * .36
for biscuits, 7.45 * .32 to 6.73 * .34 for crackers, and 7.07 ± .40
to 0.53 * .29 for wafers. Both ranges and deviations are great
enough .or statistical signiticance, but "were apparently associated
aLbst entirely with variations Ln degree of Zrowning of the products
iii ba/:ing. General preference has been for lighter shades of.rowinG aiong products and saaples within products.

Te.perature differences, while noted in the slight fading at
lCC0 F, were inconsistent and nor.-significant ixi coiparison to
differences in decree of broinng. The standard deviation of the
six storage-condition herns over the two-.-ear period was only ±.03,
the largest periodic ..eviation being ±.i0 at 6 aonths a.; the pooled
condition-by-period deviation heinz .18 ± .06. A-ong products, however,
the darker crackers CDI and 5 and biscuit 0D6 scored higher with fading
at 100IF, lighter crackers CD3 and 5 and biscuit CD4 scored higher
at 70" and below, the lighter wafer CD9 was -lre attractive at 10"
and 0, while the lighter biscuits CD2 and 7 and the darker wafer CDIO
were variable in relation to temperature.

III.A.2.b. Hunter Color Values. (Tables 15-17)

As noted above, there was a general correlation (not calculated
statistically) between sensory scores for appearance-nolor and
.uInter color values for the various products and storage samiples;
iiLiter products ý,ended to receive higher scores. Hunter values
for color at 13 nths and 24 4th3, in relation to trends over the
w-.year storage period, are discussed below.

lfunter L WM. In accord with the Seneral te-nAency for
slight surface Zlaxing, and so-* faiindg of color at higher ts.ratures,
there wu a s.4all ýxt relatively wiforu t"* increase in .wan
values for "i'j1htneas"8 or surface refloctance an the Hunter L
scale. Values for the ten products at the five periodic eAnanations
froý initial through 4`4 wntho avm-&ed 64.13, 64.35; 65.95, 67.29
and 67.al, respectivimly. The incre&ae, were not antiroly chw
to effects of h4her t peratures, as varia-le degree of
V~parlwntI;y influenced readirige of &&-*I" fr~a 40* and 01? *Is*,,
evvn though all wre ground up to ell %&te the mtra brauw4
vari•ble . for. the readings wv r •ad.. As am eliLa~te *

ptemratur. affect, asi differene-a betwen IOD"F readings d
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readings at OF (or 40'-0*) at 6, 12, 18 and 24 imonths were
1.97, 2.07, 2.34 and 2.54, respectively, indicating that most
of the tezperature effect was established during the first
6-month period.

iean increases in L readings at the end of the first two
years were 4.11 for crackers, 3.71 for biscuits, and 2.77 fo,
wafers. During the second year, product mean increases and
teaperature differences (Table 15) were as follows:

periodic increases difference between 100"F
12 to 18 18 to 24 d0 (or 0"-40")
months *wcnths 18 zionths 24-months

crackers 1.53 * .38 .68 * .33 3.33 k .88 3.23 * .40
biscuits 1.49 ± .67 .17 ± .24 2.43 ± .81 2.01 ± .83
wafers .70 ± .31 .93 ± .23 1.60 i .55 1.95 ± .05

Thus the wafers, which were darker than most other ration
iteins, had both the sriallest total gain in lightness and the
least ct nge associated with teiperature. This relationship
of degree of darkness to auount of change in color did not hold
for crackers and biscuits, however.

Hulnter "A.'' values. Readings for Hunter "a" or redness value
changed with storage, following the same general tLae pattern,
but not the storaGe temperature pattern shown by the L values.
Samples at lCO*F decreased in redness during the first 6 ýnnths,
with .arther but suialler decreases in the second period to an
average which was .69 below the initial i-ean value of 3.41.
Redness decreased rr.re slowly and less uniformly at 70*F, the
12-.onth value being .34 below initial. Products at 401F
remained fairly staole in red color during the first year, while
those at 0* iincreased fror. 3.41 to 3.72 in mean value. The
general but relatively erratic trend after the first year was
slight increases at all storage conditions, resulting in -aean
values for 18 &,-d 24 rOilths around .4 b)elow initial in saxazes
from. 1COOF, but .1, .4 and .6 above initial in products frm
70e, 400 and 0", respectively.

Product and storage values for "a" at 18 and 24 moths are
given in Table 10'. Average tea@erature differences and total
chango calculated fraia the corwined soeond-year data we
as follow:

Product Qrtres • AtW• SIM_• of "a" difference betwen

(18 &24 1~jr 70? J od 2f 0"(2X jQ-4! and.122*f

crsakers -. 81 * .37 -. 10 * .44 .44 * .50 1.38 * .33
biscuiats -. 31 t.38 .09 1 53 -4 4 .94 *.29
war*" .40 .33 .55* .43 .76 * J3 .53 * .18
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Thus the actual t&aperature effect, or difference between the redder
sa.ples at 400 and OF and the lighter saz.ples at 70O and 100i,
involved no fading of red color in the wafers and fading of only
part of the biscuits and crackers at 70*. Apparently the frequently-
stated preference for the appearance of the 70* or even 1000
s3.0les was for samples which had chanced less in color than those
stored at lower temperatures.

Hunter "b" values. Values for yellow cotaponent of color, or
Hu:ter 'a", changed less than those for L or "a' as a results of
stcra.e. The same general tLie pattern was observed, with r.xi~z
temperature differences being established at 6 roonths, waxium total
changes at 12 ;onths, and relative stability during the second year.
Trends differed froa those for L and "a" values, iLowever, as 'b"
values tended to increase slightly at both ter-perature extremes,
beinning within 6 months at 100"F and 12 .ionths at 0". Also, there
was a general slight decrease Li second-year values, leaving 100I
and 0* aean values near or slightly above initial, 70" and 40O
values slight) y oe) ow.

Overall variations in yellowness were so small, 'i&.en compared
to L and "a" chan3es, that "b" values were ziot reported after the
first period, and 18 and 24 ..ionths tabulations of 'b" arm omitted
froma this report. Brief su•ziaries of product levels and changes
£r,-i product initial values were calculated from the second-year
data as follows:

ite..•s tano "b" values Products chan~eg from initial values of "b"
CD (itemX sample) UL- & 24 m) 100F 74F ____OF

1,5,6 24.89 ± .70 crackers .07 * .66 .07 * .38 .38 * .42
3,7,8,9 21.63 * .30 biscuits .03 * .32 -. 20 * .29 -. U8 * .20
2,4,10 19.46 * .49 wafers -. 10 * .UI -. 23 * .40 -. 20 ± .51

As reduction of "a" with stable or increasing "b" usually
de.-otes fading, particularly with increases in L, where"a increases
in Ha" and reduction, of "b" usually occurs in browiing, the general
trends of color changes were indicated by chan•es noted in the three
color cckponents. In brief, cracker* exhibited a tendency to fade
at higher temperatures, wafear to brown at lowr te.ratures, while
i3scuits were inteormdiate; as indicated, there ma a considerable

a..ou~nt of overlapping in the"e genterl trt•dA.

diutgr &&b ratie. Ftr F-oducts whoo dominant color mway-
lenths lie in the red to ye.low rM•ein, who f-dinr or brwuing
reult in ahifts of 'a' or *'" in opposite dlzectans., the ratio of
sib Piovid34 a god lda of color ah-W e. The rai for the ton
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-akery ite..s after 13 and 24 ,onths in storage axe given in Table 17.
As fadin chanjes tended to b, •,uAx..al at 12 n..onths, while ten-
dencies to brown developed soz.•ewhat z.ore slowly, .iean values for
Lhe ratio -were so.iewhat lower at 12 n•onths thanU during the second
year; ratios at 12 1.1onths averaged .122 at 100"F, .138 at 70",
.151 at 40", and .166 at 00.

The initial ,.:ean a/b ratio for the baker, i.,eýns was .155;
it is seen fro.'i the data that ratios after storage range both
above and below thi3 .ean, the differences between 0* and 1CO0
ratios averaging .044, .050 and .040 at 12, 18 and 24 months,
respectively. Product differences between .i'itial ratios and
those at 24 :.Lonths averaged a. follows:

p roducrs changes froi.i initial ratios of $/b
(21. udo.) 100F 706F 400F O0F

crackers -. 042 * .016 -. 017 1 .015 +.005 * .032 +.009 ± .014
biscuits -. 013 t .014 +.002 ± .020 +.021 ± .005 +.025 1 .OOS
wafers +.020 ± .018 +.CO3 ± .039 +.045 ± .008 +.-04 ± .C04

These differences indicate characteristic chaziges in color-
fading of crackers and biscuits at i00"F and crackers at 70,
darkeniin- of bi*uuits and wafers at 40" and O0F, with variable
changes in crackers at 40" and 0, biscuits at 700, and wafers
at 100" and 70".

III.A.3. Fracture Strenjth. (Table 18).

.e&-. fracture strengths for the ten bake-y it exs, by
exauination periods, were 147 ± 2 g for initial and 6 Lxonths,
1432 g at 12 .noths, and (Table 13) 108 ± 4 g for 18 and 24 i.onths.
Ly storaGe te.peratures, these averaged 1423 ± 15 - at 100"

and 70"F and 1476 ± 15 - at 400 and O0F for the first year,
1457 * 6 g at 100* and 70' and 1491 * 3 g at 40" and 01 for the
second year. While overall taiperature and tiA changes were
statistically sig,.ificant, their practical2 significance se&z
questionable when co,.zpared to ite.: variations, which wer cal-
culated froi initial values and coubined second-.-ear data as
follows:

k=OA 1 n an X&A .WM Chogol fLM~ itia U. vai
CD 19OO M liX) _ 0I nd

425,7 1,193 1197 1218 -13S* 87 -134 * 79 -W13* 98
1,2,3,3 1272 1332 1353 -14 * 57 +46 * 55 +67 ± 80
o,9,10 1%3 1875 19)4 +312 *12 +204± 199 +21i il
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Considering that the above classification by :ýiagnitude of
change is a a•ixed-product arrange_-rent, that item means ranged from
1017 (CD3) to 2324 (CD9), standard differences of cans from 30
(CD4) to 196 (CD10), and standard deviations of replicate units
from 83 (CD7) to 227 (09) the product, time and temperature differ-
ences in fracture strength seem relatively zieaningless.

III.A.4.a. Z1siaual OyVen in Cans. (Table 19)

Decreases in residual oxygen were fairly uniform during tI.e
second, third and fourth storage periods, wmomuts of decrease bt±:•
roughly proportional to storage teuperature. Ly estimating the
sa;.ples with twu leaking cans (Table 19) at the nearest available
value for sealed cans, iean decreases fro- the ten-item average
of 15.68% at 12 i.months were 1.34,o at 18 months and 2.46% (or an
additional 1.12%) at 24 months. All items decreased at each
period except CD4 at 18 months (probably no can of this item
was actually sealed, though some passed the leak test) and CD9
at 24 months. Decreases fiCoii initial item values at 24 months were
as follows:

pRodvcts initial decreases from initial values at 24 months
% 40F O'F

crackers 19.88 * .42 12.69 1 2.60, 4.00 ± 1,42 2.15 ± .36 1.23 * .52
biscuits 19.65 ± 1*0,a 8.91 ± 2.290 3.20 ± 1.840 1.53 ± 1.13b -0.10 _ :63b
wafers 16.60 1 .20 11.08 ± .78 12.85 ± .96 3.70 ± .20 2.00 ± .70

aCD6 averaged 17.8%, other biscuits Z3.3%.
OCD4, with generally questionable seals, decreased less than other biscuits.

Biscuits CD2 and CD7 absorbed less oxygen at all temperatures
thai did other items except cracher CD3 at 700 and 400F, and of course
CD4 which could not be reliably evaluated. Biscuit CD6 was com-
parable to other high-absorption ioens at 1000 and 40F, but
absorbed less oxygen than did wafers at 70" and OF,

II.A.4.b. 1ioisture Content. (Table 20)

.oisture contents varied mostly among itemns, with general
ieans at 12 and 24. m.onths being al.ost identical (2.87 and 2.84).
Product-by-item neans and deviations for these two periods were
2.73 ± .44.% for crackers, 2.52 ± .26% for biscuits, and 3.790 * .20%
for wafers. As all ten iteis- averaged lover at 18 months than
at any other storage period (except CDS, which was the same as
at 6 .onths), the 18 nioths values must be assumed incorrect-
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the reason fcr the (ca 0.6%) low results was not deteri.dned.

Although statistically significant differences were noted
in the ranges a&1ong storage conditions, no consistent trends
were associated with either temperature or tim-e of storage.

Correlations with fracture strenzth. As both loss of
.moisture wad Aegree of firmess are associated with degree
of baking, some correlation between moisture content wnd frac-
ture strength might reasonably beexpected. The correlations
at 24 -aonths averaged -. 459 i .175 for CD1, 4, 7, 8 and -. 406
-i .211 for other items, the discrepance being expainable by the
1imiting of both moisture and fracture variables within indi-
vidual items. Product correlations exhibited an apparent storage
trend, however, as shown by the following:

crackers biscuits wafers
r r r

6-12 i-onths -. 087 +.423* +.318
18 i.ionths -. 356* +. 6095* +.794*-
24 months, -. 503** 545" +. 633**

*Significant at the 5% level of probability.
**Significant at the i% level of probability.

These coefficients suggest the development of at least
a statistically significant degree of correlation of higher
fracture strengths with lower maoisture levels in crackers and
higher moisture levels in biscuits and wafers. They also
suggest that the apparent error in 18-m:,onths moisture deter-
i.inations was absolute rather than relative.

III.A.4.c. Rancidity Values of Fat from Rations. (Tables 21 2&, 22).

Peroxide values. K•ean levels of peroxides for the various
storage periods were:

months• 100OF 0 4F

6 3.84 1.73 1.05 .78
12 13.26 3.84 1.68 1.41
18 1.33 .52 .18 .10
24 .83 .47 .21 .12

products
18 & 24 uonths

crackers 1.66 - .88 .63 - .57 .11 - .13 .05 * .08
biscuits .98 * .47 .24 k .17 .11 * .10 .09 1 .08
wafers .13 1 .07 .74 ý .39 .50 * .22 .30 k .30
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These patterns, the 18 and 24 months values being shown in
Table 21, were typical for oxidation oil "dry" bakery products in
sealed cans. Peak values occurred sometine near the end of the
first year, and relatively stable levels were achieved by the end
of 1" imonths. The wafers were considerably oxidized when received
(residual oxygen 16.8%, arora and flavor score 6.0), with the
result that peroxides in, 100OF samples were lower than those in
the (more slowly oxidizing) samples fro•.. lower temperatures throughout
the two years of storage.

Free fýtty Acids. Hydrolysis values, as free fatty acids,
re.mained much m-ore closely associated with •idividual items and
uAuch less influenced by time and temperature of storage than did

peroxide values. Item and temperature means at 24 months, from
Table 22, were as follows:

t euoerature , CD13,25 .6 CM3 .7.8 -CDg,IO - C•

100OF .157 * .035 .392 * .029 .427 t .048 .639 1 .007

700, 400, O*F .140 o .022 .236 ± .038 .316 t .033 .530 ± .017

These values were fairly typical of fre~e fatty acids throughout
the two years of storage, with the exception that there was an
iecreasing difference between ,I°F and the lower temperatures.
This difference, for ten-item ;m•eans, was .301 to .275 ± .009 at
6 2onths, .318 to .272 * .010 at 12 months, .330 to .273 ± .002
at .3 ionths, and .330 to .229 * .007 at the end of two years.

III.A.5,a. Sensory Scores for Texture, Aroma and Flavor. (Tables 23-25).

Texture. Lean texture scores were lowest at 12 Lionths,
averagijg 6.47; the 6-months average, 6.90, and the second-year
averages given in Tabl3 23 were nearer the initial mean, which
was 7.06. Values by products and temperatures for 18 and 24
•onths, 'airly representative of the variability of texture

scoring, were as follows:

po t second-year :-ean scores for texture
S100"1F 70"F "4Q & O-F

crackers 6.53 * .31 6.89 ± .23 6.99 ± .30
biscuits 6.73 t .32 7 04 - :39 7.08 ± .34
wafers 6.39 ± .33 6.30 ± .32 6.39 ± .26

i.ost of the variance resulted from generally lower scores for
cracker CD5 and wafer CDIO at 24 months, and for biscuit CD6 at
18 and 24 months. Reasons given for reduction in scores of samples
fro.: 100lF frequently included "too brittle," While failure to score
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the other sw,&ples any higher was generally attributed to slightly
too .iuch hardness or toughness. Wafers were usually considered
too "grainy" or crumbly."

Aroia. Scores for aroAma generally decreased with both tihie
and tei•vperature; the only "break" in the periodic reduction of
,.ean scores from initial 6.87 to 24-ronths 5.92 was a 12-18 months
increase from 6.03 to 6.49. As seen in Table 24, all items
decreased froo 18 to 24 mionths except biscuit CD6. Product and
temperature values at 24 uonths were as follows:

products 22-months uean scores fui aroiia
1OC@F 70OF 40 & 0F

crackers 4.38 ± .60 6.26 ± .30 6.70 t .51
biscuits 4.99 ± .56 6.23 ± .33 7.03 ± .23
wafers 5.35 ± .21 5.75 ± .15 6.58 ± .21

The larger variations were caused by low scores for cracker
CD3 and biscuit CD7 fron 1000 F, and cracker CD5 at 40' and OF.
T.pical coimients were "rancid" for crackers and biscuits froi.i
1000, "very stale" for wafers froi.', 1000 and 70%, "stale" for
crackers and biscuits from 700. Wafers, which were A.Lmost 4*
low in oxygen and were considered stale when received, apparently
withstood 1000 storage better than did the crackers, or biscuit
CD7. After two years at 400 and 00, only cracker CD5 was low
on aroma score, and wafei- CD9 was higher than initial.

Flavor. Flavor scores closely paralleled those for aroma,
general averages being slightly lower at initial 6.74 to 24-
.ionths 5.81, with the exception of 6.15 (aroza was 6.03) at
12 months. All items decreased froz: 18 to 24 months as seen in
Table 25. Product and temperature e-ans at two years were:

products 2 4-i-ionths i.ejan scores for flavor
lCOOF 70OF 40 & OF

crackers 4.65 ± .41 6.31 * .27 6.60 * .39
biscuits 5.03 * .55 5.95 * .31 6.45 ± .21
wafers 5.38 1 .48 5.35 ± .18 6.55 ± .31

Cracker CDI, biscuit CD7, and wafer CD1O scored lower than
other items. As seen above, general means were slightly higher
for flavor than for aroma of crackers at 100*F, whbile biscuits
at 70" a&,d below and wafers at 700 scored lower on flavor. Wafer
CD9 was apparently more stable than other products at 100*, and
both wafers were scored higher than initial after two years at
40" and 0.
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III.A.5.b. Hedonic Ratin's for Aroma, Flavor and Palata~bility.
(Tables 26-Z81

bLean ratizs by the 25-meuber hedonic panel were soiwhat lower,
more nearly graduated with tiie, and exhibited considerably less
"spread" from Litial to 24-months levels than did the mean scores
of the 5-member sensory difference panel.

Ara.a. The general mean ratings for aroma of the ten bakery
ita.s were 6.01 for initial and 6 ..onths, 5.65 at 12 and 18 imonths,
5.52 after two years. Initial and 24-rvonths ratings by products and
temperatures were:

products initial arA rniA after 2i mionths
100"F 10OF LO" & O'F

crackers 5.85 * .30 4.64 * .2? 5.72 * .28 5.76 + .;o
biscuits 6.42 t .27 5.28 ± .39 6.02 ± .27 6.17 * .23
wafers 5.45 ± .15 5.16 ± .12 5.07 * .41 5.41 ± .14

Cracker CD8, biscuits CD6 and 7, and wafer CD1O were rated higher
than other ite:s in the respective product groups of Table 26.
Apparentl, the iain tepperature "breaks" were at 1000F for crackers
and biscuits, 700 for wafers. Timie "breaks" occurred within the
first year for cracker CDI, biscuits CD6 and 7, and the wafers
(with sone "recovery" for wafers during the second year); and at
24. Aionths for crackers CDI and 3 and biscuit CD4. Ratings for
aro- a of cracker CD5 and biscuit CD2 decreased gradually over the
two years cf storage.

Flao. iLean flavor ratings were 6.17 iitial, 5.95 at 6 4onths,
and 5.73 to 5.66 at 12 to 24 months. iAJor trends were as follows:

,)roducts initijl flapor flavor after 24 uonthe
ICO*F 70"F 40*& OF

craci:ers 5.90 t .23 4.71 ± .26 5.79 ± .19 5.75 ± .24
biscuits 6.72 * .54 5.35 ± .34 6.19 * .30 6.43 * .34
wafer-s 5.60* .08 5.J7* .12 5.29 * .24 5.81 ± .16

aiscuits CD2, 6 and 7 %ere rated hi.,her than the other seven
i es at 24 months. Temperature brea:s for ravor ware approxiatel.y
the sa"* as those for aroma; i.e., 1001? for crackers and biscuits,
70* for wafers. Time effects were -tre indefinite; biscuit CD6
varied but actually decreased relatively little, biscuit CX7 and
the wafers "drifted" to 12-4mnths loaw and then increased sue during
the secoad year, while crackers CD8 and CDM "drifted" to 12 months
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and froia 12 :.ionths, respectively. Cr; .ker C(D5 and biscuit CD2
decreased gradually over the two years. Biscuit CD4 decreased
gradually to i .�niths and cracker C7)3 re:.ained relatively
stable for 18 ..ionths, then both 'broke" to lower levels at
24 months. As jeen from Table 27, .he "break" in CD4 was the
only change which placed the flavor level of any iteT.1 out of
the range of other ites Jin the same product group.

Palatability. The initial tman ratinZ of palatability
was 6.21, the average ratking fo•i the first 18 Uonths of storage
was 5.93, and aewi rating at 24+ .onths was 5.82. Product and
"te.-perature .eans were az; follows:

initial palatability after 24 .,onths
products palatability IOF"F 400& OF

crackers 6.11 ± .27 5.25 ± .22 5.89 * .20 5.79 ± .20
biscuits 6.66 .57 5.60 ± .32 6.24 ± .38 6.41. .40
wafers 5.5C ± ."4 5.56 ± .22 5.54 ± .22 5.64 1 .07

As wi~h flavor,, biscuits CD2, 6 and 7 were rated higher
than the other seven iter28, and the teý.perature "break" for
craclkers and biscuits was at 100F. Uafers exhibited no sig-
nificant t&.perature effect as F group, but the l ow-terzperature
s&,iples of CD9 averaged .23 higher than samples fro,.i 700
and 100" at 24 .2onths (Table 2-). Ti-e effects varied wich
itemis; biscuit CD6 changed very little for IS ionths, then
increased slightly at 24 months; wafers had slight drops at
12 &-d 6 ionths, respectively, then increased slirhtly over
the re,.aining periods; cracker CDl increased to 12 .onths,
then returned to just below initial during the second year.
Crackers CD5 aid 8 and biscuit CD7 decreased s3oewhat to 12
..znths, then "leveled off" for the second year, while cracker
CD3 and biscuit CD4 rmiained near initial level for 18 ionths,
then dropped at 24 Lznths. Ag&in, CD4 was the only iter which
was siGnificantly outside (below) the rangze of its product
group at the end of two years.

III.A.5.c. Correlations of Palata;ility r 1 tings with Objective
i~easurements. (Taile 29)

..•ay of the correlations with palatability wre changed
or considerably Lifluenced b5- tae relatively sharp increase in
staleness or rancidity* of the higher--te1perture sa,.plee froe-
!3; to 24 ontuhs. These shifts _Av be observed in the corr*e-
lation coefficients 3iven in Table 29. As eiee sos e
preference for li,-hter-.oIor ite"s is iidicated at 18 months,
while increased staleness of hiher-ta.3erature wples
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(also lighter in color) apparently overbalanced this preference
at 24 months. The same trend is shown in relation to rancidity
values-all correlations except a few with wafers had "switched"
to negative (lower ratings for higher-temperature, more rancid
samples) by 24 months. Correlations with moisture content were
relatively variable--moisture levels apparently varied mostly
with items and cans--but items and samples having lower fracture
strength, regardless of moisture, were rated somewhat higher in
palatability. Correlations with residual oxygen were generally
positive, as samples at lower temperatures retained more oxygen
than did the staler high-temperature rations. Finally corre-
lations between sensory quality scores (5-member panel$ and pala-
tability ratings (25-member hedonic panel) have generally
increased, as most of the differences which were detected at earlier
periods by the sensory judges were exerting a definite influence
on preference rtings by the second year.

The second year data in general suggests that the bulgur
wafers, although initially rated lower than crackers and much
lower than biscuits, may prove to be as stable or more stable
than either for prolonged storage at normal or elevated temperatures.

B. Carbohydrate Supplements

As the "survival candies" have been stored only one year,
with two additional 6-months examinations scheduled for the
second year, results were somewhat less definite and are discussed
with somewhat less detail than were those for the two-year bakery
items under section A.

III.B.l.a. Condition of Packages.

The following data are for bags from all cans examined
at 0, 6 and 12 months.

Number Per can. The small candy bags were specified at
20 bags per can, and ca 93% of the cans of CDlX and CD13 have
contained 20 or 21 usable bags, the other 7% containing 19 bags.
Item CD12 had 20 or more usable bags in leas than 66% of the
cans, with 19 bags in another 14%; the other 20% or six cans
contained 18 and U usable begs in two cans each, 15 in one cam,
and one had no bags at all. The lov-count cans usually had 20
bags, but 2 to 9 of them were torn or had only one side eem,
hence were not usable.
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Intenmal size. All bags of CDII had 3 hiches x 5 inches
(300 x 500) of LAternal capacity; 83% of bags in CD13 were
300 x 500 and 14i were 300 x 506 (3 inches ". 52 inches), with
ca 3% undersize at 203 x 500. CD12 had ý5% nor al 300 x 500
Ja~s, ca 5% undersize at 300 x 413, and ca 0CS undersize at
213 x 500. The other 14; of the CD12 baýs were not sealed on one
of The side se&.s.

Le~nth of top lip. 2ags froi; CD13 had ca 96.5% normal

04 (4/16 iLch) top lips, the other 3.5% of the lips being 05.
CD11 had 63% normal lips, 17/ slightly short at 03. Lips of
CD12 bags were 07 in 5%, 05 in 3.5%, nor.n.al 04 in "6.5%, 03 in

4.510, aad 02 in 0.5".

Width of side se&.s. 3a~s Lroi.i CDI1 had ca 79.5% normal

04 (k inch) side se&Ls, with 14.5% extra wide at 06 and 6' slightly
narrow at 03. Seaas of bags fro, i CDI2 and CD13 were 72, 'or..•al 04;
wider sews included 7.2% at 06, 11.8% at 07 or LO, 2.4% at 09
or 10, 1.1% at 11 or 12 (12 = 3/'4 inch); under-width seas incl.ý1ed
2.5% at 03, 0.8% at 02, 1.2% at 01, and 1.0% (24 of CD12 seais)
at 00 or no sean on one side.

Results of se a test. None of the se&.s of ba. s from CDll
or CD12 were co,.letely pulled apart b' the sea&: test (a steady
1-lb pull for 5 ,inutes at 73"F/50,'J r.h.), but co,.iplete separations
of seaýis from CD13 were 5.6%, 7.5% and 3.5% at 0, 6 asnd 12 .- onths
respectively. There was no evideice of tearing of bag fabrics
in any of the teets.

Soi-e o. the sea4z were 3lightly "peeled back" by the test,
without coplete separation. Li tetas oZ inches of total sepa-
ration per can (20 bags or 40 sea.-s), -aean separation for all

cans of CDiU and CD12 was .0 * .07j. Total and partial separations
Li se&i3s of CD13 averaged .72 inch per can on initial tests,
.85 * .65 inch at 6 -ooths, and 1.37 * 3.13-1.21 inches at 12
,mnths. ..ean te.,perature values at 6 and 12 ..onths were .82 t .30
at 100IF, .32 ± .30 at 70-, 3.47 - 1.94 at 40, and .94 * .53 at
Ce.

Ill.2.1.•. Condition of Candies.

There was no apparent effect of storage on any phyaioal
characteristic of the candies except color. The followt-Z data
therefore include gil cans ex&-dLned throu.4h the first year. I
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Condition CD11 CD12 CD13 CDll-13
SID std dev.

86 cans
count percent:
leon type 46.2 48.5 49.7 48.1 6.5
cherry type 53.6 51.5 50.3 51.9 6.5

iaior-al shape 89.4 81.7 88.4 86.3 6.9

chipped pieces 2.9 17.4 5.8 8.7 8.3

off shape pieces 4.3 0.9 4.2 3.1 2.6

broken bitsa 1.5 .0 1.3 1.0 1.1

clu6..ed pieces 1.9 .1 .4 .X +2.6,-.8

unsanded or
off Lolor .1 .1 .1 .1 +.4,-.i

wfeight o)ercent:
loose sugarb 3.1 .6 .9 1.5 +2.7,-1.4

cluLped pieces:
nuber per cluLT 2.3 2.1 2.1 2.2 -t2.6,-.2

aCalctaated as excess count of pieces over the axunts of broken
bits necessary to iake chipped pieces up to full weight; count
wd below zero in several sawples, indicating chips lost before
candy was placed ai cans.

JLicludes all uateriAl of particle size less than 8-ieSah.

III.:.2.a. Sensory Quality Scores, Appearance and Color. (Table 30).

Although the two quality factom were scored separately,
appearance mcores were larely deter dned by color and the two
scores were very nearly the saee. The data given in Table 30 are,
'herefore, combined appearance*-color scores, initial values for
which were 8.36, 8.24, and 6.20 for 2Dll, 12, and 13, respe:tively,
or a :-*an, of 8.27.

As seen, color of CDl2 and 13 wo not seriously affected by
one year of storeae even at 1000F. The hijher te4.erawure caued
30 • fading of CD11, however, with foroation of a bleached or
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'whitish" surface rin- on soiue of the red pieces fro.., non-
tightly-sealed cans stored 12 :oaths at 1(X"F/80% r.h.

:!I.B.2.b. Hunter Color Values. (Tables 31 and 32)

Actual "shades'of color were quite variable a.onZ cans
&nd pieces in-cans, as evidenced oy the relatively large can
differences shown ii Tables 31 and 32. 'a-so, sanding sugar was
scraped frw candy used for initial exatnation (sugar reizved
before choppinZ and sieving) but this oas found irpractical for
the larýer nuaber of cans froin storage. This change in technique
apparently resulted L higher readings for Hunter L, the esti-
.;•ated increase beina 5.5 * 0.X for yellow and 3.3 ± 2.2 for red
candies of tku three procur..ent lots. Changes in "a" and "b'

were less than the variability of sauples, so could not be
determined with any degree of reliability.

L vilues. The only indication of a teo.iperature effect on
L values ("liGhtness by reflectance") was a i.iean increase of
2.9 t 1.2 for 100"F s,&ples of CDl red. The saiiple frou
1CO*/80% at 12 :.ionths (Table 32) averaged 5.7 units higher than
the other five CD11 red s3aples-this was the sampl1e havin.- the
whitish surface rin.. The decreases of ca 1.5 in CD11 and 12
yellow and 3.3 in CD12 red at 12 aonths were apparently "case
lot" differences.

"ia' vaues. There was no consistent pattern of changes
in "a" values, which were in %he green range for ,,ellow candies
of CDII and 13, the slijhtly pinlz area for yellow of D12, and
of course the red for red candies. The general average was
slightly lower for red candies frn 100'F, however-13.13 for
100" vs 14.65 for lower temperatures, indicating a possible
tendency for fa4ingv at 100". Reference to Table 32 will show
that the 100"/80% saople with li§Pier surface ring averaged 3.3
units below the other CDII red sa..Ples.

"b. There was also no consi3stent pattern in "b"
values, which were well up in the yellow range (average 35.6
or ca 1.7 above jittial) for yellow candies and low in the
y'ellow (average 4.7 or ca 5a"e as initial) for red candies.
The lighter 12- znth, 100*/10W &&elie of CIi red was ca 0.9
unit under itwi .ean, as co.m-red to the can difference of
0.64 shown in Table 32.

AL. ratios. The ratios are included in Tables 31 Wid 32
for future reference if needed--twy indicate no definite
trads at this period of storage.
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III.L.3. Fracture Strength. - not applicable to candies.

III.-.4.a. Residual Oxy-jer. in Cans.-ilot deter-Lined in candies.

111.13.4.*,. :ýisture Content. (Table 33)

There were no significant differences Li mistura content as
related to storage time or t&xerature, except sn apparently
slight tendency for increase with decreasizus temperature in CD12.
Iter., CDII had considerably -reater ranges (1.46" to 2.32 and
2.16%) than the other candies (range .23 * .10%) and CD12 averaged
.30 * .08% lower than CD1I or 13. Yellow and red candies averaged
aoout the s&.4 rnisture content in CDII and 12; CD13 yellow
averaged 0.20 above CDI3 red, but red candies were higher in 5 of
the 28 cans exanined.

III.3.4•.c. Rancidity Values.-Not applicable to candies.

III.3-4.d. )If Values. (Table 33)

The only significant differences in time-te-40erature rekation-
ships for p•i values were a general Lncrease over initial values,
averaginj ca .25 higher at 6 Lionths and .30 higher at 12 =onths,
and slightly lower values frazi 100"F than fro. lower ter.peratures
for CD12, r.eans being 6.86 vs 6.93 axd 6.96 vs 7.09 at 6 and 12
iaonths, respectively. Note: The general increase yay have resulted
fro. a ý..eter error, as a partial recheck of the three candy items
after coz.plete factory overhaul of the ueter gave results averaging
ca .30 lower than the 12-months values of Table 33.

Values for CDII had greater rangea (.60 and .26) than those
Lor CD12 and 13 (.17 ± .04), and ýan values for Cl were slightly
lower (6.84 vs 6.99 * .06). There was no significant difference
between yellow and red candies in any itemm. Significant corre-
lations of pP and aoisture contents were -. 628 for CD11 red and
-. 634 and -. 724 for CD12 and 13 yellow at 6 Lnths, but +.600
for CD12 yellow and red at 12 months. Other correlations wwre
non-sirnificant and all except one were positive, so there me
a)pa&rently no consistent relationahip cf pH to moisture; asso-
ciation of higher ,.oivture with lower pH could influence stability
of susars.

118.4.•.e. Sugar Content.. (TMhble 34)

There wa no derLite in*1uence of utMeo an ~a~re durim
the first year. As seen fm-i the data an Tale 34, itea CDI,2
was lower Ln dertrose (16.09 ve 17.71 * .3)) bvt higher in sucrose
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(64.5o vs 63.44 +.76) than items CDL1 aLid 13; dextrose/sucrose
ratios Vwere .1-14 vs -.275" ±.009., but total sugars were abo'4tt the
same., be~fz)p C0cqAfcr CDI.1Žand- 61.15 t.64ý for CDII and 13'
01)12 we ' -less v'ariable, sample rangeA averaging .63 t.42$, irhekeas
ringes fo~r 01)11 and 13 averaged 1.51 +.63%. mean differences
betweeh eherry- and lemon types were :,.16% dextrose, .35% sucrose,,
or A9%-tbta1 sri~sr,'with item differences ranging up to .27%
toL,,:. suear fcr' CD12, 067% total sugar for CDII, an 75,ý
sucroite for CD13.-

llitii no definite trends in the SLý,8X's1 it was not sUip risinS
that correlations of sugars with pH and moisture values were
a130 .16definite-. Using candies as lemon, cherry and total--"
samInpe)'tf~s 'as 6 and 212 months,- rodiicts as CDII, 12, 13 and
tota1j and sugar values air dextrase, sucrose, total sugat eA~
dextroae/sucroselrati6, 6,ave a total &c" o~Bil cre8i~
itjp n96witfi -moistlure. Assumln6 Ctiat iertpetue,

lav~r-pg and -hi.)ier-molsture might tend to 3timu.'3ate inyerstoa
of Wucrose, -vIth'the pbasibility that some of tie lower-polly--

s accharidea-might also be 5p1it to disaccharides by thits combi-
ntion of influences., an expected sign (positive or-negati'e)-

could be nredicted for each correlation. Oinly 65ý of the PH
vorrelatieas'had thei predicted sian;, and orly 15% were sitnitidadit,.
one of tiaese 'with the "wrong" si~,n. Of the mcisture cakrri-
lations., only 53jp4 had the predicted si 6 n and only 2:2% were
sICPktic~x, including 9% vitb ux¶prediete'd sign. W erce it
sGWWap4VNz C tat "-cjsi;316'definitlord of -such atorage tremir5_''
must awm. '-,ldrther awtorW~.

III.B 5., *e~s~y 8~'esfortextuxre~ ArLVS -esA Flavýor.-
(Tab3*W'30 &Ad 35).

Texture. Scoreii for texture at 12 z.ao~itha indicated r.0

definite~ eate ~ exoept a. 1redvct1ion of -ea 0.5 P""~
for tui. eohkre iA -serfaet' cr'ystal ttructure' tf the 'svhize rlrg 4

rod cand~ o1 OD1U from the XoQ/ 0/A, conrditio~n. M4ewn 3eres
we~re hiibrtbas at'6 noothiv(14ble 30) each it~em-ave'raging
QA 0.2 l.e" then -X'(itIal (Thnitisale aerag'ed 8.56 ftor CWŽ an=d
83.22 ±.C2, f-or :CDI1 4n 13). fbete ver~r priobly jere , nearl~y
repr"sentwtiiv* 6f t?*e prodoet., 'aS vttInzts indictuted that' tven
the more persistent ludges had learned, Zoy t," Conciv'sior2 of
the 6-monthis exams natiorns, that the carbohydrate supplement va4
n~t daa.1d -ta be ofen& like peamta. 7 ,

Afi3W. 14t~.tal &ZOM uC~Oi'e *Vi -CIkil WW 1-s)3 s'JV,je
7 .36,7--7, amT-80.&, r'.qP*6ktV0IY. A* Stha it ftble 35, Itvu
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CD11 was scored higher at 6 mionths, CD12 and 13 somewhat lower
because of "lack of aroia." Scores at 12 :aonths were nearer
initial (judges having leaned that CD12 and 13 had to be cracked
open to evaluate aroi~a). Temperature effects were fairly definite;
with 400 and OF samiples averaging 7.66 at 6 no:-ths and 8.08 at
12 .:onths, 700 samples averaged .33 ± .41 and .23 + .25 lower, but
100* samples were .61 1 .33 and 1.04 ± .25 lower, for the two
storage periods. Typical coements were "lacking" for 700 storage,
"terpene" nr "artificial" for 1000, with CD12 changing less than
the other two items.

Flavor. With initial averages of 7.92, 7.32 and 7.85, respec-
tively, changes in flavor scores may be esti-ated by reference to
Table 35. From 40° and OF scores averaging 7.62 at 6 months and
C.07 at 12 months, reductions averaging .75 for CD1l at 6 months

and .52 ± .13 for all iteis at 12 months resulted from sLorage at
700, eean scores from 100l storage were .53 ± .23 and 1.08-± .13 lower
than 400 - 01 levels at the two periods. "Strong" "terpene," and
"artificial" were variously noted as descriptive of flavor in
the 1000 samiples.

Ill.D.5.b. Hedonic Ratings for Aroma, Flavor and Palatability.
(Table 36)

Jith the exception that initial mean hedonic rating for Zlavor
and palatability was 7.57, the hedonic ratings were generally,.wer
than were the sensory quality scores discussed above (general
average 6.89 hedonic, 7.50 sensory). Hedonic means also emhibited
less "spread" for ter-.perature effect, -aaxciinu and average iteu
ranges between 1000 and 40° - 00 F being 0.46 and 0.13 for hedonic
ratings, 1.30 and 0.81 for sensory scores.

r Initial. aro.-a ratings for CD1l, 12, 13 were 6.88, 6.76,
7.04, respectively. As seen in Table 36, mean ratings for CDll
and 13 were soriewhat lower at 6 aontns, but 12-months ratings averaged
near the initial 6.89. Termperature reductions from 40° - 0*
ratings averaged .07 ± .06 and .03 ± .06 at 6 and 12 months for 70%,
.11 ± .11 and .23 ± .14 for these periods at 100.0, iiean 100'
reductions were greater in CD12 (0.30), w.Ltum reduction (0.34)
was in CD]I at 12 .onths.

Fl v. Initial flavor ratings for the three items wore 7.76,
7.24,7.767, average 7.59. Iten means for 6 and 12 months, from
Table 36, were 6.94, 6.97, 6.94, average 6.95, eliinating the
initially-lower ratinq of CD12. The difference between 400 - 00

and 70" for the first year averaged .01 ± .10, or no temperature
effect at 700. At IC-°, CD12 dveraged .27 1 .02 below the 400 - 00
level, 'ut CDll and 13 were lower, by' .46 and .11, only after 12
. 11-ths.
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Palatability. Initial ratings were 7.40", 7.40 and 7.76,
average 7.55, for the three supplements. Storage means, from
Table 36, were 6.94, 7.03, 6.91, average 6.96, eliminating the
initially-higher ratin& of CD13. Differences between 400-00

and 70°F were negligible (.01 +.l0); lOOcF samples were rated
lower only for CD12 (-.20 +.03) and, after 12 months, for
CD11 by 0.40.

III.B.5.C. Correlations of Palatability Ratings with Other,
Measurements.

There was not enough indication of a trend in correlations
of candy palatability with anm other measurement to merit
tabulation. Of the 208 coefficients determined with Hunter color,
moisture, pH, sugars, and the sensory scores by the five-member
panel, 54% had a positý.ve sign, 46% were negative. Only 11
were large enough for statistical significance, and these were
also divided into positive (6%) and negative (5%) coefficients.
Among individual measurement groups such as color, sugars, etc.,
no grcup had more than 62cA of the same sign, either positive or
negativec, so no conclusions as to *'expected"' or predicted signs
were warranted. In brief, palatability ratings of the carbohydrate
supplements, exhibiting practically no significant trends, could
not be related to other measurements which also exhibited little
or no trends after one year of storage.
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